protein spectrum (chromogranin A) in the adrenal vesicles. We cannot claim to have seen aromatic neurotransmitters reportedly stored in the octopus salivary gland, but it is very likely that we see choline or N-methylammonium groupings. We are struck by the constant observation of the resonances in the aromatic, class A, region. Are these neurotransmitters ? No matter how the small molecules are stored in the salivary gland they are not stored in the same manner as in the adrenal medulla, for there is no obvious storage protein and no ATP.
The origin of the amino acid resonances is also uncertain. They could be due to a store of these compounds or they could arise from protein hydrolysis. If the latter is true, the glands have a very active proteinase, and the proteins have a large concentration of aromatic as opposed to aliphatic amino acids.
Finally there is present a small molecule with a pK, below 5, which is not a conventional amino acid. Although it may well not be y-aminobutyric acid, it is a molecule with some features in common with this transmitter. saline (154m~-NaC1, 1Op~-EDTA, IOmM-Tes, pH7.4) containing o b e h (approx. lo9 counts/lOs) was added and then sonicated at 4"C, under N2, by using a Dawe Soniprobe. The resulting suspension was centrifuged for 2min at 15000g in an Eppendorf 3200 microfuge, and the supernatant was eluted from an Ultrogel AcA44 column (30cmx lScm), equilibrated with Tes-buffered saline. The liposomes were collected in the void volume of the column and assayed for obelin activity as follows: 50p1 in 0.5ml of Tes-buffered saline was preincubated for 20s with or without ethanol (1 pl) or ionophore A231 87 ( 3 . 8~~) dissolved in ethanol. Tes-buffered saline (0.5 ml) containing Ca2+ was then added and the counts were recorded for 1 min, after which a further 0.5ml of Tes-buffered saline containing 21 % (v/v) Triton X-100 was added. Where indicated, Mg*+ was added to both the preincubation and Caz+-containing media.
Each value represents the mean of at least two determinations. 5.0 100.0 measuring these changes in intact small cells. The use of liposomes as potential carriers of therapeutic agents in vivo has been a subject of much research, and it has also been reported that proteins or smaller molecules trapped in liposomes have subsequently been introduced into mammalian cells in culture where they have caused changes in the metabolism of the cell (Tyrrell et a!., 1976). We have previously demonstrated that the Caz+-activated photoprotein obelin can be trapped within liposomes (Dormer & Campbell, 1975) , with theultimateaimofintroducingthe trappedobelininto hormonally sensitive cells in vitro. The aim of the present paper is to describe the preparation and characterization of liposomes containing obelin and carbonic anhydrase and to investigate their interaction with isolated cells in vitro.
Preincubat ion condition
The criterion normally used to demonstrate trapping of a biologically active protein within liposomes is latency of its activity before destruction of the liposomes with a detergent. On addition of CaZ+ to liposomes prepared in the presence of obelin, luminescent activity was stimulated; this stimulation was greater after treatment of the liposomes with Triton X-100. The luminescent activity can be quantified as the number of counts recorded on a scalar (Campbell, 1974) and expressed as a percentage of the total counts recorded on addition of Triton X-100 in the presence of excess CaZ+. As shown in Table I , the percentage utilization of obelin in the first minute after addition of Ca2+ depended on the concentration of Ca2+ added; ethanol hadnoeffect on this rate of utilization. When an obelin molecule reacts with Caz+ to emit light, it becomes inactive, and therefore the kinetics of light emission are not the same as for a normal enzyme reaction. The rate of luminescence exhibits an exponential decay, the rate of which depends on the concentration of Ca2+ added. The kinetics of the luminescence recorded on addition of CaZ+ to obelin-containing liposomes were not consistent with Table 2 . Incubation of liposome-entrapped and free 12sI-labelled carbonic anhydrase with isolated rat adipocytes Negatively charged liposomes were prepared as described in Table 1 . In addition, after gel filtration, the liposomes were dialysed exhaustively against Tes-buffered saline. Rat adipocytes were prepared by the method of Rodbell (1964) and suspended finally in Krebs-Ringer bicarbonate medium, containing 2 % (w/v) bovine serum albumin, pH7.4. Incubations were carried out at 37"C, for the times shown, by adding 1 ml of cells to 1 ml of liposomes or I ml of Tes-buffered saline containing 1251-labelled carbonic anhydrase. At the end of the incubation the cells and media were separated by centrifugation. The cells were then washed 3 times with Krebs-Ringer bicarbonate medium containing 1 % bovine serum albumin and finally resuspended in 1 ml of the same medium.
Portions of cell suspensions, first infranatants and washings were then counted on a Table I also demonstrate that the bivalent cation ionophore A23187 produced a large Caz+-dependent increase in obelin utilization. MgZ+ inhibited the effect of ionophore A23187 at the lower but not the higher Caz+ concentration. The liposomes used in these experiments were examined as a routine under the electron microscope after negative staining and consisted predominantly of unilamellar vesicles. It was also shown that ionophore A23187 did not destroy the vesicles, which provides further evidence that the obelin was trapped in the aqueous compartment of the Iiposomes and not bound to the phospholipid membrane.
To investigate the interaction of liposomes with isolated cells, 12sI-labelled carbonic anhydrase, a protein of molecular weight similar to obelin, was used, since, with obelin, interpretation of data might be complicated by destruction of obelin activity by Ca2+.
Three important questions have to be answered before liposomes, prepared in the presence of 12sI-labelled protein, can be used for incubation with cells: firstly, how much 1251-labelIed protein can be accounted for as being trapped inside the vesicles rather than loosely associated with the phospholipid membrane; secondly, does the trapped lZ5I-labelled protein remain within the vesicles under the incubation conditions used; thirdly, to what degree is the preparation contaminated with [1251] iodide. Experiments have shown that between 93 % and 75 % of 12s1-labelled carbonic anhydrase associated with the liposomes, prepared as described in Table 2 , was truly entrapped. Thus, in controls where free 1251-IabeIled carbonic anhydrase was incubated with the cells, the lrsI radioactivity added was equivalent to the amount of extraliposomal lZ5I radioactivity. The results shown in Table 2 demonstrate firstly that lzsI-labelIed carbonic anhydrase became associated with the adipocytes to a greater extent when trapped within liposomes than when free in the incubation medium, and secondly that this effect was time-dependent. In order to demonstrate whether this association of liposomeentrapped protein with adipocytes is due to genuine incorporation into the interior of VOl. 5 the cells, it will be necessary to show that, under these conditions, the protein affects the metabolism of the cells. It is believed that plant cell walls usually contain nitrogenous material linked to the carbohydrate through hydroxyproline-arabinose bridges (Heath & Northcote, 1971 ; Lamport & Miller, 1971 ; Talmage et al., 1973) . However, in the case of endosperm cell walls no hydroxyproline has been detected (Fincher, 1975) , although isolated endosperm cell walls have always had nitrogenous material associated with them.
Endosperm cell walls were isolated from barley flour (cultivar Maris Otter) by the method of Palmer (1975) by using 70% (v/v) ethanol to prevent loss of water-soluble carbohydrates. Cell-wall preparations were stored in 70% (v/v) ethanol, thus avoiding dehydration, which affects the physical properties of cell-wall constituents through formation of intermolecular hydrogen bonds. It has previously been shown (Forrest & Wainwright, 1977) that although cell-wall B-glucan exists in several forms in the native wall, as judged by solubility in hot water or alkali, the various types of /3-glucan, when dissolved without degradation, have mol.wts. in the region 3 x 107-4x lo7. It was further shown that proteinaceous material was involved in the structural integrity of solubilized B-glucan and of the native cell wall by using the action of proteolytic enzymes or hydrazine, both of which decreased the mol.-wts. some 40-fold to about lo6. The possibility existed that the association between polysaccharide and protein was purely fortuitous. resulting from the preparative or extraction procedure. Densitygradient ultracentrifugation in CsCl combined with molecular-sieve chromatography with Bio-Gel A-I 50m was therefore used to eliminate such artifacts.
Cell walls were extracted with hot water (65°C for 1.5 h in a shaking water bath) to give 0.5 mg of /3-glucan/ml. CsCl was added to give an initial density of 1.45g/ml and the sample was centrifuged at 160000g ( r d v , ) for 64 h at 12 C. Fractions were collected from
